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BACKGROUND OF THE INVENTION 

1 . Field of the Invention. 

This invention relates to the field of gasification of hydrocarbon-containing solids and liquids. 
More specifically, the invention comprises a device for gasifying hydrocarbon materials and rendering 
them suitable for use in combustion processes or petrochemical processes. 

2. Description of the Related Art. 

Ideal combustion often requires that the fuel material be ignited as a gas, liquid, or finely 
particulated solid. When this is true, advanced technology can be employed to regulate the 
combustion process and eliminate or reduce the production of pollutants. Complex solids can then 
be combusted in a controlled fashion. 

Many solid hydrocarbon fuels are available at relatively low cost. One good example is coal, 
which exists in a wide variety in terms of concentration and the presence of unwanted impurities. 
Coal is typically burned in power plants to produce electricity. Unfortunately, it is really only suitable 
for use in large fixed installations (power plants) or large and complex moving installations (coal-fired 
ships or steam locomotives). The use of coal in a smaller application - such an automobile - is 
impractical. 

Several processes have been developed to convert solid coal into a more usable form - 
commonly known as "coal gasification." While these processes work, they often consume more 
energy in the conversion than is available in the final product. They have also been quite complex and 
difficult to maintain. 

Processes to gasify other types of hydrocarton-containing solids and liquids are also known 
in the prior art, typically concentrating on the recycling of used solids such as rubber tires and 
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unrefined liquids such as crude oils. These processes have also been quite complex and of marginal 
economic worth. 

BRIEF SUMMARY OF THE INVENTION 

The present invention comprises an apparatus that supports a process which is capable of 
gasifying a variety of hydrocarbon-containing materials. The resulting gas is suitable for use in 
various combustion processes and for petrochemical processes. A hydrocarbon-containing material 
is mixed with natural gas (or other suitable hydrocarbon gas) under pressure. The suspended 
material and gas are then injected under pressure into an acceleration/gasification tube. Intense heat 
(provided by an external energy source) is applied to the mixture as it travels through this tube, 
resulting in the cracking of the hydrocarbon chains and the release of additional energy. The released 
bond energy, along with the addition of the external energy, rapidly expands the gas and causes the 
velocity of the moving mixture to rise sharply as it proceeds down the tube. 

The acceleration/gasification tube is connected to a difluser, which is essentially an expansion 
nozzle with a series of heat exchangers to cool the rapidly expanding gas. An evacuation pump is 
attached to the difluser to extract the cooled gas and maintain flow in the system. The violent 
acceleration experienced by the mixture during its travel through the acceleration/gasification tube 
and subsequent expansion nozzle (together with the extreme heat) converts most of the hydrocarbon 
containing materials into hydrocarbon gas (as well as some pure hydrogen gas). The remaining solids 
are removed from the difluser. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

FIG. 1 is a perspective view, showing the central components of the present invention. 
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FIG. 2 is a perspective view with a cutaway, showing the construction of the 
acceleration/gasification tube. 

FIG. 3 is a perspective view with a cutaway, showing the construction of the gas diffuser. 

FIG. 4 is a sectional view, showing the operation of the acceleration/gasification tube. 

FIG. 5 is a schematic view, showing the interaction of the components comprising the present 
invention. 

FIG. 6 is a perspective view with a cutaway, showing one type of solid injector used with the 
present invention. 

FIG. 7 is a perspective view with a cutaway, showing one type of solid injector used with the 
present invention. 

REFERENCE NUMERALS IN THE DRAWINGS 
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DETAILED DESCRIPTION OF THE INVENTION 

FIG. 1 depicts the central components of the present invention. The reader should appreciate 
that the device can be used to gasify solids, liquids, or a combination of the two (a "slurry"). In this 
initial example, a solid will be employed. Mixer 10 contains solids inlet 16 and gas inlet 18. A finely- 
ground hydrocarbon-containing solid is fed in through solids inlet 16. Natural gas is fed in through 
gas inlet 18. The entire system is pressurized. Thus, those skilled in the art will know that the gas 
must be fed in under pressure and the solid material must be fed in under pressure. 

Mixer 10 disperses the hydrocarbon-containing solid into the natural gas, and delivers it 
through the connecting pipe into acceleration/gasification tube 12. The mixture is heated within 
acceleration/gasification tube 12. It undergoes a transformation process - which will be described 
subsequently - before passing through the connecting pipe into gas difluser 14. 

FIG. 2 shows acceleration/gasification tube 12 sectioned in half to show its internal details. 
The unit is connected to mixer 10 by inlet flange 28. The mixture of hydrocarbon gas and solids is 
forced in through inlet 24. It then passes through first expansion nozzle 38. Most of the length of 
the tube is contained within housing 30. Refractory shell 34 surrounds the tube and insulates the 
metal comprising housing 30 from the extreme heat generated by a plurality of electrical heating 
elements 32. 

A set of tube supports 90 holds the tube in position within housing 30. The wall of the 
cylindrical tube must have a high degree of thermal conductivity, in order to conduct heat to the gas 
and solids passing within the tube (essential to the processes occurring therein). It must also be 
capable of withstanding high temperatures. Outlet flange 36 connects acceleration/gasification tube 
12 to gas diffiiser 14. 
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The temperature within the refractory shell is typically maintained between 2200 and 3400 
degrees Fahrenheit, depending on the material to be gasified. This heat is transferred to the mixture 
of gases and solids being forced through the tube. 

FIG. 4 graphically depicts the processes occurring within acceleration/gasification tube 12. 
In this example, a mixture of finely-ground coal and natural gas 58 is forced into the tube from the 
left. It expands through first expansion nozzle 38. It is simultaneously heated. The heating adds 
energy to reach the activation energy needed to alter the chemical structure of the compounds 
present. The result is that the hydrocarbon chains within the natural gas are "cracked", thereby 
releasing some carbon bond energy. The coal is also broken into progressively finer particles 
("softened") by the intense turbulent motion of the swirling gases. The added heat produces 
explosive acceleration, which further contributes to the carbon chain cracking process. The result 
is the region denoted as cracked natural gas and softened coal 60. 

As the temperature of the mixture rises, the carbon bonds contained within the coal break, 
thereby releasing more potential energy. The sharply rising temperature causes the gas to expand - 
producing violent acceleration down the tube. This is denoted as first acceleration phase 62. The 
energy transferred to the mixture from heating elements 32 causes more expansion and further 
acceleration, denoted as second acceleration phase 64. The gases can exceed the speed of sound, 
forming shock waves as illustrated. A violently rotational flow typically develops as the gas 
accelerates down the tube. 

The hydrocarbon chains within the coal ultimately break into their constituent elements, as 
do the hydrocarbon chains within the natural gas. This action occurs through the region marked 
gasification phase 66. The result is the escape of hot gas 68 out the right end of the assembly at high 
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velocity. This hot gas, at this stage, may be composed mostly of hydrogen. Shorter-chain 
hydrocarbon gases may also be present (methane, ethane, etc.). Those skilled in the art will also 
realize that a substantial quantity of free electrons will be present (so long as the gas remains at highly 
the elevated temperature). 

The goal of the device is to provide a continuous process. Thus, the hot gas produced must 
be removed and collected. It must first be cooled, however. FIG. 3 illustrates the device intended 
to accomplish this task. Gas difiuser 14 assumes the form of an enclosed expansion nozzle. It is 
connected to acceleration/gasification tube 12 by inlet flange 40. The hot gases entering the device 
expands through second expansion nozzle 42. This process expands and cools the hot gas. 

Second expansion nozzle 42 is surrounded by gas cooling jacket 44. Cool gas is forced into 
the jacket through gas inlet 46. It flows around a circular manifold and is forced along the bell- 
shaped wall of second expansion nozzle 42, where it is eventually collected in a second circular 
manifold and extracted through gas outlet 48. The cooling gas, which may be ambient air, can be 
used as a heat source for another process or simply exhausted. 

Although gas cooling jacket 44 removes considerable thermal energy from the expanded gas 
within gas difiuser 14, more energy must typically be removed prior to storing the gasified 
hydrocarbons. A second cooling stage is produced by liquid cooling jacket 50. A conductive liquid, 
such as water, is fed in through liquid inlet 52. The liquid flows around a circular manifold and 
through liquid cooling jacket 50. It is then collected in a second circular manifold and extracted 

through liquid outlet 54. 

The cooled hydrocarbon gas is then extracted through cooled gas outlet 80. The gas may 
then be fed directly into a combustion process, or compressed and stored for later use. In either case, 
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an extraction pump is generally attached to cooled gas outlet 80 (via outlet flange 56) in order to 
maintain flow in the system Those skilled in the art will realize that the gas extraction can be 
accomplished using multiple pumps attached to multiple gas outlets. 

Although nearly all of the hydrocarbon-containing solid will be converted to a gas, some solid 
materials (such as silicon) will remain. These materials will generally collect in the bottom of gas 
diffuser 14. Solids collection outlet 26 is provided for the removal of these materials. It is attached 
to an accumulation unit, from which the solids must periodically be collected. 

Continuing the example using coal, FIG. 5 schematically depicts the comprehensive process. 
Hopper 70 feeds the coal into material feeder 72. From there, depending on the moisture content, 
it may be fed into dryer 74. Once dried, the coal is passed into grinder/shredder 76, which produces 
fine particles within a specified size rage. These particles are then dispersed within the natural gas 
inside mixer 10 (with the gas coming from gas supply 78). 

After leaving mixer 10, the mixture of gas and solids passes through acceleration/gasification 
tube 12. As explained previously, gasification takes place within this unit, with the result that a 
stream of very hot gas enters gas diffuser 14. 

Those skilled in the art will know that the hydrocarbon gas present at this point in the process 
may be different from the one fed into the acceleration/gasification tube. The extreme temperatures 
and violent kinetic action tends to break down longer carbon chains ("cracking")- As an example, 
if the feed gas is propane (containing a molecule with a carbon chain which is three carbon atoms 
long), the gas may be very nearly transformed to free hydrogen and methane (containing only a single 
carbon atom per molecule) by the time it reaches the end of the acceleration/gasification tube. Both 
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the input and output gas include hydrocarbon gases, but they are not the same gases. For purposes 
of clarity, the gas exiting the acceleration/gasification tube will be referred to as a Resultant gas." 

Those skilled in the art will know that the predominance of free hydrogen gas will be present 
only at the highly elevated temperatures. As the gas cools, the free hydrogen will tend to recombine 
with the available carbon atoms to form hydrocarbon gases. Thus, it may be desirable to extract the 
free hydrogen gas before any significant cooling occurs. If the acceleration/gasification tube is 
configured to produce violently rotational flow, centrifugal separation devices can be used to extract 
the lighter hydrogen atoms from the heavier carbon atoms and hydrocarbon atoms (Those skilled in 
the art will realize that this process is imperfect, but it can be expected to extract the hydrogen gas 
with a tolerable amount of carbon and hydrocarbon impurities). This separation preferably occurs 
prior to the gas entering the diffuser, or only part way through the expansion portion of the diffuser. 
In such a case, a portion of the "resultant" gas does not pass completely through the difiuser. 

Gas diffuser 14 is provided primarily to cool the resultant gas. The resultant gas passes 
through a second expansion nozzle (which may briefly accelerate the gas further, depending on the 
pressure maintained by the extraction pump). Looking again at FIG. 5, tThe gas can then be passed 
through gas filter/cleaner 82 (which may be needed to remove pollutants, depending on the feed 
material). Extraction pump 86 then recompresses the resultant gas and feeds it into storage 
containers. 

Solids accumulator 84 is provided to collect unwanted solids. The accumulated materials 
must periodically be removed. This process must generally be performed while the system is shut- 
down, since solids accumulator 84 cannot be opened without disturbing the flow in the system 
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Various other conventional components have not been illustrated. For instance, as explained 
previously, the solid material must be pressurized in order to feed into mixer 10. This pressurization 
component has not been illustrated. 

Although coal has been used in the preceding example, other solid materials can be 
substituted. As a second example - used rubber tires can be employed as the hydrocarbon-containing 
solid. Different mechanical hardware is needed to shred used tires to an appropriate particle size, but 
the process is otherwise similar. 

The process is not limited to the use of hydrocarbon-containing solids, however. 
HyaVocarrx>n-containing liquids, such as crude oil, can also be employed. In many respects the use 
of such a liquid simplifies the process, since it is easier to disperse the liquid into the natural gas than 
a finely ground solid. Combinations of liquids and solids are also possible. Finely ground coal can 
be mixed into crude oil to form a slurry, which is then dispersed into the natural gas and fed into 
acceleration/ gasification tube 12. A slurry can also be made by mixing shredded rubber products 
with crude oil. 

The components disclosed in detail can obviously be modified in many ways without changing 
the basic function of the overall device. As one example, electrical heating elements 32 could be 
replaced by gas burners. Likewise, a conventional gas to liquid heat exchanger (one type of "boiler") 
could be substituted for the complex form of gas diffuser 14. Some efficiency would obviously be 
lost, since the DeLaval-type expansion nozzle would not be present. So long as sufficient heat is 
extracted from the gasified hydrocarbons to allow their subsequent use, however, the loss of 
efficiency could be tolerated. 
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Many different devices can be used to feed the solid and/or liquid hydrocarbon-containing 
materials into the gasifier. FIG. 6 shows solid injector 106, which would be contained within mixer 
10. It is preferable to have the mixer generate a fast moving gas with an even dispersion of fine solid 
particles. Solid injector 106 is designed to accomplish this task. The unit is shown with a cutaway 
to reveal its internal features. A high pressure gas supply is connected to gas intake 112, typically 
using the flange provided. Housing 116, along with the internal components, serve to define an 
acceleration nozzle 102 followed by a deceleration nozzle 104. Gas flows through the device in the 
direction indicated by the arrows. Shaft support 98 is centrally fixed within deceleration nozzle 104 
by radially-spaced support struts 96. Drive shaft 94passes through and is supported by shaft support 
98. It attaches to rotor 92 on its leading end. 

Rotor 92 is spun rapidly by drive shaft 94. It features powder intake 88 near the center of its 
leading portion. Powder intake 88 rotatabry connects to a tube supplying finely ground hydrocarbon- 
containing solids (This tube passes through the gas intake stream just upstream of the unit shown). 
Once the solid particles enter rotor 92, they are propelled aft by auger 90. FIG. 7 shows a cutaway 
through rotor 92 to reveal its internal details. The reader will observe how auger 90 (which is shown 
cutaway) propels the particles rearward and eventually out through a set of six powder injectors 100. 
As rotor 92 is rapidly spinning, the solid particles are thrown violently out through the powder 
injectors 102. The powder then enters the stream of rapidly moving gas, in close proximity to throat 
108. 

Those skilled in the art will realize that the gas velocity is maximized in the region of throat 
118. The flow tends to be fully developed turbulent flow in this region as well, which promotes 
thorough mixing. By the time the gas decelerates through deceleration nozzle 104, the solid particles 
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are thoroughly dispersed within the gas. A gearbox (typically a right-angle gearbox) is located in 
the gas flow stream just downstream of solid injector 106. It provides input power to the drive shaft. 
Just downstream of this gearbox, the gas flow enters acceleration/gasification tube 12. 

The reader will recall from the prior explanation that the gas is heated within 
acceleration/gasification tube 12, using an external energy source. Some additional heat may be 
added by partially combusting the hydrocarbon gas, as it passes through acceleration/gasification tube 
12. Oxygen, or some other suitable oxidizer, must be added if this function is desired. Looking again 
at FIG. 7. the reader will observe that radially-spaced oxygen injectors 108 are positioned to direct 
oxygen into deceleration nozzle 104. The oxygen can be supplied from external oxygen manifold 
110, which is simply a bounded cavity surrounding housing 116, into which pressurized oxygen is fed. 
If the oxygen is added, a desired portion of the hydrocarbon gas can be burned to generate additional 
heat. 

Although the device shown in FIGs. 6 and 7 is configured to handle solid hydrocarbon- 
containing material, it can be easily modified to handle heavy liquids (such as oil). For this 
modification, powder injectors 108 would be reduced in diameter near where they open into the 
surrounding gas stream. The pressure drop across these nozzles, combined with the substantial 
centrifugal acceleration of the spinning rotor, will finely distribute a liquid spray into the rapidly 
moving gas stream. Thus, the device shown can uniformly disperse a hydrocarbon-containing liquid 
into the gas stream in preparation for the acceleration/gasification tube. 

The device shown in FIGs. 6 and 7 can also handle a slurry containing solids dispersed within 
a liquid. Slurries are often used to handle finely particulated solids, since such a slurry behaves like 
a liquid and can be handled by liquid handling equipment rather than conveyor belts and the like. As 
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one example, a slurry of oil and finely ground carbon dispersed in oil can be fed into powder intake 
88. The auger and powder injectors will handle such a slurry and disperse it into the stream of rapidly 
moving gas. 

Although the specific hydrocarbon-containing examples of coal, shredded rubber, and crude 
oil were disclosed, the reader should keep in mind that the devices disclosed could be used to gasify 
virtually any type of hydrocarbon-containing liquid or solid. The preceding descriptions should not 
be construed, therefore, as limiting the scope of the invention but rather as providing illustrations of 
the preferred embodiments of the invention. 


